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Introduction
Slovakia is not a country where wildfires cause major damage compared with the Mediterranean regions, which are characterized by long, dry, hot summers and short, wet, mild winters (Hötzl, 2008) . In recent years in Slovakia, however, due to increasing temperatures during the summer, an enhanced risk of a rapid spread of fires is evident. In this region, it is typical that the emergence of fires is due to burning of dry grass especially in spring, or the incineration of waste in the gardens. In summer, the risk increases due to ripening cereals and damage caused on the agricultural land.
Fire can change importantly soil physical and chemical properties (Soto et al., 1991; Zavala et al., 2010; Mataix-Solera et al., 2011; Šimanský et al., 2012) . In soil, physical properties such as the water repellency (Aelamanesh et al., 2014) and water-stable aggregates Šimanský et al., 2012) are considerably altered. The fire can increase or decrease the soil aggregate stability. This depends on factors such as burning temperature, time of burning, soil type, type of clay minerals, type of vegetation, the formation of hydrophobic substances during fire and the severity of fire (Garcia-Oliva et al., 1999; Mataix-Solera et al., 2011) . Soil structure is often affected during the high severity of fire, whereas the low severity burning has often been thought to have a low or neutral effect on soil aggregation (Urbanek, 2013) . For example, Albalasmeh et al. (2013) reported a mechanism of aggregate disruption during the fire. During rapid heating of moist soil aggregates, intra-aggregate water is vapourized and the increased pressure causes a rupture of the internal bonds and leads to aggregate breakdown. Soto et al. (1991) suggested that soil organic matter (SOM) consumption is a key element in aggregate stability after fire. Arcenegui et al. (2008) showed that the fire can increase aggregate stability. The results of Šimanský et al. (2012) showed that the soil affected by fire had the highest content of soil organic carbon, labile carbon and stability of aggregates, while the content of organic carbon in water-stable aggregates (WSA) was almost threefold in WSA mi (micro) than in WSA ma (macro). The relationship between soil structure and SOM is very obvious, since SOM is one of the most significant components controlling aggregate stability (Šimanský, Bajčan, 2014) .
The aim of this work is to study the effects of low and higher severity of fire on the changes of the SOM and soil structure. We looked at the soil structure and SOM in a Rendzic Leptosol subjected to both low and higher severity of fire.
Materials and methods

Site characteristics
The study was carried out in the Dražovce locality (48°21´6.16˝N; 18°3´37.33˝E) near Nitra city in the western part of Slovakia. Dražovce is located under the western side of the Tribeč Mountain. The area of the Tribeč is divided into the Zobor and Tribeč parts of mountain area. Soil sampling was taken in the western foothill of the Zobor hill. There are vineyards on the southwest side of the Tribeč mountain. In the 11th century, the southern slopes of the Zobor hills were deforested and vineyards were planted. Today, the locality is used as a horticulture area and for growing plants to produce wines. The soil surface is covered with grass and weeds, but dominating are Rosa shrubs. The geologic substrate of the studied areas is mainly composed of a series of Mesozoic sedimentary rocks with a predominance of Cretaceous, Jurassic and Triassic limestones. The dominant soils are classified as Rendzic Leptosols (WRB, 2006) with the content of rock fragments more than 8% in the top 30 cm, and with organic carbon 17.0±1.6 g kg -1 , total nitrogen 1867±103 mg kg -1 , base saturation percentage 99.3±0.01%, pH 7.18±0.08 in soil; the particle-size distribution is 569 g kg -1 of sand, 330 g kg -1 of silt and 101 g kg -1 of clay (Šimanský, 2013; Šimanský et al., 2013 
Sample procedures
In 2010, the burning of dry vine branches led to the outbreak of an uncontrolled fire. Fortunately, the fire did not cause major damage other than burning dry grass and damaging the rose bushes outside the vineyard. Soil samples were taken from three areas: 1) control (unburned place), 2) a burned place after the heating of grass only -we assumed here a low severity of fire, 3) a burned place after heating of grass + shrub roses -we assumed here a higher severity of fire due to the burning of higher dry mass content. Soil sampling was performed in spring (May 2010) at a depth of 0−5 and 5−20 cm. For each zone sampled (including all plots of fire + unburned "control" plot), five different locations were chosen randomly. On each location, soil samples were collected and mixed to form an average sample. Large clods were gently broken up along natural fracture lines, and then air-dried at a laboratory temperature, meaning we achieved undisturbed soil samples for the determination of individual size fractions of aggregates and parameters of soil structure. A part of the soil sample was grinded before analysis -and disturbed soil samples could be used for the determination of SOM parameters.
Laboratory analyses
The undisturbed soil samples after drying were used for the determination of individual size fractions of water stable aggregates (WSA). Prior to this, all soil samples were sieved to provide a range of aggregate sizes (>7, 7-5, 5-3, 3-1, 1-0.5, 0.5-0.25, <0.25 mm) and these size fractions of air-dried aggregates were used for the determination of size distribution of WSA by the Baksheev method (Vadjunina, Korchagina, 1986) . The size fractions of WSA produced were: >5, 5-3, 3-2, 2-1, 1-0.5, 0.5-0.25 as WSA ma and <0.25 mm as WSA mi . In disturbed soil samples, the content of soil organic carbon (C org ) was assessed by the wet combustion method (oxidation of organic matter by a mixture of H 2 SO 4 and K 2 Cr 2 O 7 with titration using Mohr's salt) as is described in Dziadowiec and Gonet (1999) . The composition of humus fractions, humic (HA) and fulvic (FA) acids was determined according to Belchikova and Kononova (Dziadowiec, Gonet, 1999) . The absorbance of humus substances and humic acids was measured at 465 and 650 nm to calculate the colour quotient Q 4/6 HS and Q 4/6 HA . The labile carbon content (C L ) (Loginow et al., 1987) , hot watersoluble carbon (C HWD ) and cold water-soluble carbon (C CWD ) (Körschens, 2002) were also determined. The same methods used in the soil analysis were used to determine the content of C org and C L in individual size fractions of WSA. On the bases of the analytical data, the parameters of soil structure were calculated.
The mean weight diameters of aggregates for dry (MWD d ) and wet (MWD w ) sieving as well as vulnerability coefficient (Kv) were calculated according to following equations (1−3):
where MWD d is the mean weight diameter of aggregates for dry sieving (mm), xi is the mean diameter of each size fraction (mm) and wi is the portion of the total sample weight occurring in the corresponding size fraction, and n is the number of size fractions.
where MWD w is the mean weight diameter of WSA (mm), xi is the mean diameter of each size fraction (mm), WSA is the portion of the total sample weight occurring in the corresponding size fraction and n is the number of size fractions.
where MWD d is the mean weight diameter of aggregates for dry sieving (mm) and MWD w is the mean weight diameter of WSA (mm).
The structure coefficient (K) was calculated according to Equation (4):
where A is the weight of air-dried aggregates in size fractions from 0.25 to 7 mm and B is the sum of weight of airdried aggregates in size fraction more than 7 mm and less than 0.25 mm. The coefficient of aggregate stability (Ks) was calculated as well according to Equation (5):
where A is the weight of WSA in size fractions from 0.25 to >5 mm and B is the weight of WSA less than 0.25 mm.
Statistical analysis
Statistical data analysis was performed using the computer program Statgraphics Centurion XV.I (Statpoint Technologies, Inc., USA). A multifactor ANOVA model was carried out to test whether the SOM and parameters of soil structure varied significantly due to the different severity of fire and depth, with a separation of the means by the LSD multiple-range test at P ≤ 0.05.
results and discussion
Effect of fire on soil structure
The effect of fire on changes of WSA content was obvious (Table 1 ). In the plot with a low severity of fire (dry mass of grass were quickly burned) the content of WSA mi increased by 20%. In the area with the higher severity of fire, where both dry masses of grass and also shrub roses were burned, the content of WSA mi decreased by 42% in comparison to original (unburned) soil. The main reason for the results seen with a low severity of fire is in the destruction of macro-to microaggregates in the soils as was observed by Mataix-Solera et al. (2002) . Fire can reduce the soil C pools (Soto et al., 1991; Zavala et al., 2010) associated with macroaggregates and therefore can disrupt stabilization mechanisms (Garcia-Oliva et al., 1999) . In Rendzic Leptosol, which is the investigated soil type (Šimanský et al., 2013) , the aggregation process and soil structure stability is mainly dependent on the SOM. In the case of the higher severity of fire, a significant decrease of WSA mi can be connected with the thermal fusion of particles and recrystallisation of minerals in the clay fraction (Giovannini, Lucchesi, 1997) leading to the formation of more resistant aggregates. However, we do not expect to see this effect because of the short burning time. Rather, we assume that the reduction of the content of WSA mi will be associated with the condensation of hydrophobic substances onto aggregates as has been reported in works of Fox et al. (2007) and Terefe et al. (2008) . In individual size fractions of WSA ma , mainly in size fractions >5 mm, 5−3 mm, 2−1 mm, 1−0.5 and also 0.5−0.25 mm, statistical significant differences were observed. The higher severity of fire resulted in a decrease of smaller size fractions of WSA ma (0.5−0.25) and a low severity of fire resulted in the decrease of WSA ma 2−0.5 mm. The results of Andreu et al. (2001) showed the degradation effect of high temperatures on aggregation and a clear reduction in the macroaggregates and increase in the microaggregates, particularly in the <1 mm fraction. On the other hand, the content of WSA ma in size fraction >5 mm was higher by 54% and by 32% in the low and higher severity of fire, respectively, than in unburned soil. On average, we determined higher contents of WSA ma in size fractions >5 mm and between 5−2 mm taken from the depth 0−5 cm compared to the samples taken from the depth 5−20 cm (Table 1 ).
The stability of aggregates and their vulnerability to fire can be highly variable confirming the results of previous works (Llovet et al., 2009; Jordán et al., 2011; Šimanský et al., 2012) . Parameters of soil structure stability and vulnerability are summarized in Fig. 1 . The higher severity of fire had a more positive effect on increases of the structure coefficient and coefficient of aggregate stability, as well as on the decrease of the vulnerability coefficient compared to the low severity of fire. Specifically, the values of structure coefficient and the coefficient of aggregate stability were worse by 17% and by 13%, respectively, under the low severity of fire compared to the original soil (control). For example, O'Dea (2007) observed a decrease in aggregate stability due to decrease of fungi in soil two years after a fire. Under the higher sever- Effect of fire on soil organic matter Atanassova et al. (2009) reported an increase of soil organic carbon in top after fire in Lyulin mountain, Bulgaria. This increase was associated with the incorporation of burnt plant residues into the soil (Johnson, Curtis, 2001 ). The parameters of SOM quantity and quality are shown in Table 2 . The content of C org , C L and C HWD was significantly high in the layer 0−5 cm than 5−20 cm. After burning, the contents of C org and C L were significantly increased by the severity of fire. However, as reported by Mataix-Solera et al. (2002) it is not unusual to find an increase in SOM after moderate severity wildfires. On the other hand in our results, the low severity of fire affected more markedly the increase of C HWD and C CWD than the higher severity of fire. These results show that there is a clear connection with the burning temperature. Probably since the temperature was lower, the SOM was not totally burned. Fire, except SOM quantity affects its quality (Garcia-Oliva et al., 1999) . At the surface layer (0−5cm), the quality of SOM was worst, but SOM stability was better in comparison to the second layer (5−20cm). The control soil had significantly the lowest value of C HA :C FA (worst quality) and higher (no significant) values of Q HS and Q HA than the soil after fire. After burning and due to the severity of fire, both the ratios of C HA :C FA and SOM stability (lower values = better stability) increased. In summary, in the case of higher severity fires, the pyromorphic humus formed shows an increased stability to chemical and biological degradation. ity of fire, the coefficient of aggregate stability was almost twice as high than in the unburned soil (Fig. 1) . Mataix-Solera et al. (2011) reported that the stability of aggregates depends on a lot of factors such as SOM, mineral composition, soil water repellence, fire intensity and severity, time and temperature of burning and many more. For example, in sandy soils under a higher severity of fire, the aggregate stability is decreased while the opposite result is seen in soils with a high clay content. Here calcium carbonate, Fe and Al oxides act as principal cementing substances under the higher intensity of fire and so aggregate stability is increased. In our case under the higher severity of fire, the better soil structure has been probably due to an increase of SOM (Table 2 ).
Soil organic matter plays an important role in the formation of aggregates in many soils (Oades, 1993; Roldán et al., 1994; Šimanský, Bajčan, 2014 ) and therefore we also determined its contents in WSA (Table 3 ). The content of SOM due to fire significantly increased also in WSA with the least changes in WSA mi . Beare's et al. (1994) results can be connected with the physical protection of SOM inside of smaller aggregates. On the other hand, the results of Šimanský et al. (2012) showed that the content of total carbon in WSA was almost threefold in WSA mi than in WSA ma in soil affected by fire. As it was mentioned above, it can be connected with the severity of fire. The results showed that a low severity of fire increased C org mainly in WSA ma >2 mm and WSA mi . On the other hand, high severity fire increased C org content in a smaller fraction of WSA ma . A similar trend was observed in contents of C L in WSA. For example, Terefe et al. (2008) found that low severity fires had no effect on soil organic carbon, however, organic C was totally eliminated when soil was heated at 400 °C (Fernández et al., 1997) . 
Conclusion
The results of this study showed that after the fire both the quantity and quality of SOM can be changed and the soil structure improves. Increasing of SOM quantity and quality depends on the severity of the fire and this effect is connected with a higher aggregate stability and the formation of a favourable structural state of soil. Obtained results confirmed that SOM plays an important role in the formation of aggregates after fire. The results broaden knowl-edge and demonstrate the behavioural changes in the concrete soil type and its ability to deal with fire. Fire-induced changes on SOM and soil structure data could be used for predicting changes after fire in the mentioned soil type (Rendzic Leptosols). Future studies with other soil types and fire severities are required.
